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Introduction 
Clarias gariepinus, currently synonymous 
with C. mossambicus, C. lazeras and 
C. senegalensis, is endemic to Africa and 
ranges from Natal and the Orange River 
in South Africa through Central, West, 
East and North Africa where it is under 
culture (Teugels 1986). The widespread 
distribution is a reﬂection of their ability 
to tolerate a wide range of environmental 
parameters. Clarias species have rapid 
growth, a high reproductive potential 
and sturdy resistance to environmental 
variations (Clay 1977; Hetch et al. 1988; 
Hogendoorn 1980). C. gariepinus spawn 
naturally in ﬂoodplains during the rainy 
season, and spawning is induced by rise in 
water levels (Pillay 1990). However, seed 
collection from the wild is unreliable and 
limited to the rainy season. 
Demand for C. gariepinus ﬁngerlings in 
Kenya, both for aquaculture and as bait, 
has increased substantially in the last few 
years. The Fisheries Department estimates 
that the demand for C. gariepinus ﬁnger-
lings for aquaculture activities is 10 million 
Abstract
The hatching rates of African catﬁsh (Clarias gariepinus) eggs on four natural substrates: the roots of Nile 
cabbage (Pistia stratiotes), water hyacinth (Eichhornia crassipes), pond weed (Ceratophyllum dermasum) 
and green grass leaves (Commelina sp.), and four artiﬁcial substrates: sisal mats, nylon mats, papyrus mats 
and kakaban mats, was assessed. Concrete slabs were used as control. The natural substrates performed 
better than the artiﬁcial ones. Pistia roots gave the best mean hatching rate of 66.2 ± 3.62%. Green 
grass leaves were second with a mean rate of 54.0 ± 3.46%, water hyacinth was third with 49.7 ± 3.16% 
and Ceratophyllum fourth with a mean of 13.0 ± 2.37%. Concrete slabs gave a mean rate of 18.6 ± 2.8%, 
sisal mats 18.6 ± 2.0%, papyrus 12.2 ± 1.2% and kakaban 11.8 ± 1.9%. Nylon mats were the last, with a 
mean rate of 4.0 ± 0.7%. The best performing natural substrates were those with the ability to ﬂoat and 
thin ﬁbrous roots that seemed to allow higher aeration of the eggs during incubation. The cost of using 
natural substrates was minimal. 
per year, while the demand for use as bait 
in the Lake Victoria capture ﬁsheries is 
about 18 million ﬁngerlings per year. 
(Government of Kenya Fisheries Depart-
ment 1998). The government supplies 
about 5 million catﬁsh ﬁngerlings per year 
through the ﬁsh farms of the Fisheries 
Department and the Lake Basin Develop-
ment Authority (LBDA). There is over-
reliance on the government as the producer 
and supplier of ﬁsh seed as there are no 
established private ﬁngerling producers.
The culture of C. gariepinus in Kenya is 
still low in volume as indicated by the 
production data (Government of Kenya 
Fisheries Department 1998). In 2001, 
total aquaculture production was 1 000 t 
and C. gariepinus contributed only 2 % 
of this (Government of Kenya Fisheries 
Department 2002). In contrast, tilapia 
production accounted for 48% of 
aquaculture production over the same 
period (Maitha et al. 2002; Owiti 2002).
There is an urgent need to increase the 
supply of seed through the development 
of simple and efﬁcient seed production 
and management protocols that are easy 
to adopt by small-scale ﬁsh farmers 
themselves. The aim of this experiment 
was to test several simple, readily available 
and low-cost substrates for hatching 
C. gariepinus eggs.
Materials and Methods
The study was carried out at Kibos Fish 
Farm of the Lake Basin Development 
Authority in Kisumu District, Nyanza 
Province, Kenya. At the start of the 
experiment, mature broodstock were 
seined from the broodstock pond and 
transferred to concrete hatching tanks. 
The ripe males and females were selected 
and their weights measured and recorded. 
They were acclimatized to the hatching 
tanks for one day without feeding. To 
induce spawning, the selected females 
were injected with pituitary suspensions 
obtained from sacriﬁced male or female 
ﬁsh of similar size. After 12 hours, the 
eggs were stripped into a dry bowl and 
fertilized with milt obtained from the ripe 
males. One male was used to fertilize 
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eggs were then incubated on different 
test substrate materials. A bird’s feather 
was used to spread the eggs evenly on 
the substrates in bunches of 600-1 200 
eggs. The natural substrates tested were 
roots of Nile cabbage (Pistia stratiotes), 
water hyacinth (Eichhornia crassipes), pond 
weed (Ceratophyllum dermasum) and green 
grass (Commelina sp.) leaves. The artiﬁcial 
substrates tested were kakaban mats, 
sisal mats, papyrus mats and nylon mats, 
all with an equal surface area of 
1 350 cm2. Concrete slabs were used 
as the control as they are widely used 
as a hatching medium in Kenya. All the 
test substrates were put in ﬂow-through 
concrete troughs. Water temperature 
was maintained at 22.9 ±1.1 ºC, D.O. 
at 5.9 ± 0.2 mgl-1, pH at 7.0 ± 0.5 and 
conductivity at 648 ± 10.2 µs throughout 
the period of the experiment. The 
percentage of hatching was obtained by 
using the formula as stipulated in Viveen 
et al. (1985). The cost of using each of 
the hatching substrates was assessed by 
accounting for all expenses incurred for 
each of the methods assessed. Completely 
Randomized Block Design (CRBD) was 
used to allocate 600-1 200 eggs into each 
of the experimental units.
The resulting hatching rates were 
analyzed by two-way analysis of variance 
(ANOVA). Multiple comparison analysis 
was used to assess any heterogeneity. 
The Multiple Range Test was used to 
discriminate among means (Zar 1984). 
The tests were at the 95% signiﬁcance 
level (p<0.05). The two-way ANOVA was 
also carried out to assess for differences 
between the hatching rates of eggs from 
different female spawners.
Results 
The hatching rates of the eggs on natural 
substrates were signiﬁcantly higher than 
on the artiﬁcial ones. The mean rates were 
66.2, 54.0, 49.7 and 13.0% for Pistia, green 
grass leaves (Commelina sp.), E. crassipes 
and C. dermasum, respectively (Figure 1). 
The difference between the means of 
the four data samples was statistically 
signiﬁcant at the 95% conﬁdence level. 
The multiple range tests revealed that 
all the means were signiﬁcantly different 
from each other except for one pair – the 
difference between green grass leaves and 
water hyacinth roots was insigniﬁcant. 
Three groups of means were identiﬁed, 
with C. dermasum performing between 
15-18%, the green grass leaves (Commelina 
sp.) and E. crassipes roots rates falling 
between 43-60%, and the Pistia rates 
ranking the highest at between 62-76%.
The difference between the means of 
the hatching rates of all the artiﬁcial test 
substrates was also statistically signiﬁcant. 
The hatching rates of the eggs on this 
category of substrates were generally low, 
with the highest being 18.6% for both the 
concrete slabs (control) and sisal mats. 
The other mean rates were 4.0, 11.8, and 
12.2 for nylon, kakaban, and papyrus mats, 
respectively (Figure1). The difference 
between the means of the four data 
samples was also statistically signiﬁcant 
at the 95% conﬁdence level.
Multiple range tests revealed that all the 
means for the artiﬁcial substrates were 
statistically different from each other. 
However, for two pairs of means – the 
concrete slab and sisal mats; and kakaban 
and papyrus mats – the difference within 
each pair was insigniﬁcant. Three groups 
of means were identiﬁed in ranking the 
substrates performance. Nylon performed 
below 8% and was ranked the lowest, 
kakaban and papyrus mats performed 
between 8-16%, while sisal mats and 
concrete slab performed between 15-25% 
and were ranked in the highest group.
There was a signiﬁcant cost difference 
between the use of the artiﬁcial 
substrates and the natural substrates. 
The cost of using the artiﬁcial substrates 
was higher than for the natural ones. 
The cost ranged between US$ 0.12-0.27 
for artiﬁcial substrates and US$ 0.01-0.03 
for natural substrates (Table 1). Direct 
costs accounted for much of the cost 
incurred in the use of artiﬁcial materials, 
in contrast to the indirect costs incurred 
in the use of the natural materials. The 
indirect cost was the opportunity cost 
of the man-hours spent in collecting the 
substrate materials.
Discussion 
The results indicate that the natural 
substrates performed better than the 
artiﬁcial substrates. This was probably 
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because, unlike the artiﬁcial substrates, 
most of the natural substrates used were 
able to ﬂoat thus ensuring better aeration 
of the eggs. During incubation, the eggs 
should be well oxygenated for maximum 
hatching to occur (de Graaf and Jansen 
1996; Hogedoorn 1980; Viveen et al. 1985). 
This experiment demonstrated high 
hatching rates of the eggs incubated on 
the roots of free-ﬂoating substrates such 
as water hyacinth (Eichhornia crassipes), 
Nile cabbage (Pistia stratiotes) and the 
green grass leaves (Commelina sp.). The 
best performing were the Pistia roots, 
probably due to their numerous thin 
ﬁbrous roots that allowed greater 
aeration of the eggs during incubation. 
However, the hatching rates from the C. 
dermasum substrate were quite low; 
this could have been due to their 
characteristic of decaying and gradually 
sinking to the bottom. A decaying 
substrate usually hosts pathogenic 
microorganisms that cause bacterial, 
fungal (Saprolegnia sp.) and protozoan 
(Vorticella sp., Epistylis sp.) infections of 
eggs and larvae, resulting in low egg 
hatchability and high larval mortality. The 
hatching rates in the artiﬁcial substrates 
were low because of the relatively low 
dissolved oxygen levels at the bottom of 
the concrete hatching tanks where the 
artiﬁcial substrates were placed. In Kenya, 
it is common practice in hatcheries to 
spread the eggs on mud, sand or concrete 
surfaces, with manual separation of dead 
eggs, shells and hatchlings. The hatching 
rates usually average about 25% (Obuya 
et al. 1995), which is well below the 50-
70% recorded in well-managed hatcheries 
in other countries (de Graaf et al. 1995). 
Moreover, the poor survival of eggs and 
larvae is mainly the result of inadequate 
nutrition during the nursing phase and 
careless nursery management practices. 
Successful hatching of ﬁsh eggs and careful 
feeding of larvae during the early stages of 
their development is essential for better 
survival of larvae.
The main limitation on the expansion of 
catﬁsh culture in Kenya is the inadequate 
supply of high-quality seed, especially 
at the right time and place, for stocking 
purposes. It is totally dependant on the 
government to produce and supply the 
ﬁsh seed. One way to overcome this 
constraint is to develop and promote 
low-input systems for producing the 
ﬁsh seed by the farmers themselves. The 
technology for such hatching and nursing 
systems should be quite simple, use local 
materials and be easily transferable to 
rural ﬁsh farmers (Charo and Oireri 2000; 
Dugan 2003; Jamu and Ayinla 2003). In 
this experiment the hatching rates of eggs 
on natural substrates, especially those of 
the Pistia, were high as compared to the 
hatching rates recorded in government 
fry production centers in Western Kenya 
where artiﬁcial substrates are commonly 
used (Obuya et al.1995). The C. gariepinus 
hatching protocols described in this study 
are easy for small-scale ﬁsh farmers to 
follow, and they are particularly suitable 
for rural areas with no electricity and 
where most of the small-scale farmers 
are based. 
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